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1
VAPOR RECOVERY

This invention relates in general to a vapor recovery
system, and more particularly to a system for recover-
ing volatile liquid vapors which result during the filling
of a tank. The recovery system is particularly adaptable
to the recovery of vapors which occur during the filling
of fuel tanks.

BACKGROUND OF THE INVENTION

When filling a tank with a highly volatile liquid, such
as a hydrocarbon fuel, large quantities of vapor occur.
For many years, these vapors have been lost to the at-
mosphere with the resultant loss of the value of the va-
pors. In addition, the atmosphere has been poliuted by
such escaping vapors.

In the past, systems have been developed by others.
A typical system is that found in the patent to Albert
H. Tompkins, Jr. entitled Vapor Recovery System, U.S.
Pat. No. 2,849,150, granted Aug. 26, 1958. These prior
systems include, among other apparatus, an absorber
wherein the recovered vapor is absorbed into the re-
covery liquid and is returned to the liquid storage reser-
voir and sizeable quantities of absorbed air are also re-
leased at the reservoir.

PURPOSE OF THIS INVENTION

In accordance with this invention, it is proposed to
provide a relatively simple vapor recovery system
which is of sufficient efficiency so as to be economi-
cally feasible. In the first place, the absorbing liquid is
recirculated through the absorber to minimize air ab-
sorption. This provides for a maximum over-all low
temperature absorber efficiency. '

It is also proposed to refrigerate the liquid within the
absorber tank so that the absorber operates at a low
temperature which allows the operation of the absorber
at lower pressures with the same or better efficiency
than before. :

The vapor recovery system also utilizes the low tem-
perature liquid stream returning to the liquid storage
reservoir as a heat exchange medium to lower the tem-
perature of all liquid being separately supplied to the
absorber system whereby the efficiency of the low tem-
perature operation of the absorber system is enhanced.

The liquid being returned to the liquid supply reser-
voir is passed into a flash separator wherein air en-
trapped within the returning liquid by absorption may
be removed thereby further increasing the efficiency of
the recovery system.

A further feature of the vapor recovery system is the
passage of compressed incoming vapors first through a
finned tube aftercooler and then to a liquid aftercooler
with the finned tube aftercooler initially reducing the
temperature of the hot compressed vapors sufficiently
to prevent vaporization of the liquid coolant within the
liquid aftercooler. The use of the finned tube after-
cooler also increases the liquid aftercooler efficiency
allowing the same to be used at lower than normal pres-
sures. The use of the finned tube aftercooler further
permits an optimum use of temperature gradients in the
two aftercoolers, thereby giving greater over-all effi-
ciency.

With the above and other objects in view that will
hereinafter appear, the nature of the invention will be
more clearly understood by reference to the following
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2

detailed description, the appended claims and the sev-
eral views illustrated in the accompanying drawings:

IN THE DRAWINGS

FIG. 1 is a diagrammatic flow diagram of an embodi-
ment of the invention.

FIG. 2 is a diagrammatic flow diagram of a modified
compressor arrangement for handling the recovered
vapors.

FIG. 3 is a diagrammatic flow diagram of another em-
bodiment of the invention.

Referring now to the drawings in detail, in FIG. 1
there is illustrated a vapor recovery system which is
identified by the numeral 5. Since the vapor recovery
system. 5 finds particular usage in the filling of fuel
tanks, particularly tanks of tank trucks, the system will
be described as applied thereto although it is to be un-
derstood that the invention is not so limited.

Fuel is stored in a fuel storage reservoir 6 and is nor-
mally delivered by way of a supply line 7 with the assis-
tance of a pump 8 incorporated therein, to a tank 9
which may be a tank truck. In order that the fuel may
be rapidly pumped into the tank 9, the tank is provided
with a relatively large vent 10 through which the fuel
may be pumped and out through which the vapors may
escape. It is the purpose of the vapor recovery system
5 to recover those vapors which normally escape to the
atmosphere and are lost from a financial standpoint, as
well as polluting the air. '

In order that the vapors within the tank 9 -may be pre-
vented from escaping, a suitable cover 11 is provided
for the vent 10. If desired, the supply line 7 may be di-
rectly connected to the cover 11. A vent line 12 ex-
tends from the cover 11 and leads to a compressor 13
for compressing the recovered vapors. The vent line 12
has a check valve 14 incorporated therein.

Basically speaking, incoming vapor is pumped by the
compressor 13 into an absorber 15 of an absorber sys-
tem, which is generally identified by the numeral 16.
The incoming vapors are absorbed and condensed
within the absorber 15 and returned in liquid form
through a flash separator 19 to the fuel storage reser-
voir 6.

AB.SORBER SYSTEM

The absorber system 16, of which the absorber 15 is
a part, includes a tank 17 in which fuel 18 is maintained
at a substantially constant level by means of a float
valve 20. The tank 17 is provided with a drain 21, A
vapor line 22 delivers vapor from the compressor 13,
in a manner to be described hereinafter, into the tank
17 through a distribution manifold 23 which is sub-
merged within the fuel 18. The distribution manifold 23
is downwardly directed so as to prevent fuel from en-
tering distribution manifold 23 and to assure the pas-
sage of the vapor through the fuel 18. A baffle 24 is
mounted within the fuel 18 beneath the distribution
manifold 23. A return line 25 is connected to the lower
portion of the tank 17 and has its free end disposed be-
neath the baffle 24 for receiving the fuel 18.

The absorber system 16 also includes a fuel supply
line 26 for delivering fuel into the lower portion of the
tank 17 from the fuel storage reservoir 6. The end of
the supply line 26 terminates above the distribution
manifold 23 and below the level of the fuel 18.

A fuel circulation line 27 is also connected to the
lower portion of the tank 17 and has its pick up end dis-
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posed beneath the baffle 24. Fuel passing into the fuel
circulation line 27 is returned to the upper portion of
the absorber 15 through a return line 28 which is con-
nected to 2 downwardly directed spray head 30 which
is mounted in a head space 29 in the tank 17 above the
fuel 18. The spray head 30 is downwardly directed for
directing sprayed liquid fuel against the upwardly rising
vapor and air mixture within the head space 29.

Fuel flowing into the fuel recirculation line 27 is
pumped by means of a pump 31 partially through a by-
pass line 32 which leads directly to the return line 28,
and passed partially through a refrigeration module
which is generally identified by the numeral 33. The re-
frigeration module 33 basically includes a compressor
34, a condenser 35 and an chiller 36. The usual expan-
sion valve 37 is disposed between the condenser and
the chiller.

The condenser 35 is part of a liquid heat exchanger
unit 38 which utilizes the fuel stored within the fuel
storage reservoir 6 as the coolant. The heat exchanger
unit 38 includes a jacket 40 surrounding the condenser
and fuel is pumped from the fuel storage reservoir 6
into the jacekt around the condenser coil 35 through a
supply pipe 41 which is provided with a pump 42. Fuel
is returned from the jacekt 40 by means of a return line
43 into the fuel storage reservoir 6.

That portion of the fuel 18 pumped by the pump 31
which does not pass through the by-pass 32, as con-
trolled by an orifice 44 in the by-pass 32, is directed
into a heat exchanger 45 of which the chiller 36 is a
part, by means of a line 46. The line 46 leads into a
jacket 47 of the heat exchanger 45 and fuel is circu-
lated around the chiller coil 36. The fuel 18, which has
been cooled through its association with the chiller 36,
exits out of the jacket 47 through the return line 28.

The top of the tank 17 is also provided with bleed off
line 48 through which air and residual vapor escapes.
The end result is that all incoming gas delivered into
the absorber 15 through the line 22 either is bled off as
air or becomes liquid and is returned to the fuel storage
reservoir 6. Of course, it is impossible to completely
separate hydrocarbon vapor from the air and a minute
portion of the hydrocarbon vapor is bled off with the
air through the bleed off line 48.

The lines 25 and 26 are connected to a heat ex-
changer 50. Fuel from.the fuel storage reservoir 6 is
pumped through a supply pipe 51 by means of a pump
52 into a coil 53 of the heat exchanger 50 and then into
the supply line 26 to the tank 17. On the other hand,
chilled fuel exiting from the tank 17 through line 25
passes into a casing 54 of the heat exchanger 50 and
circulates about the coil 53, reducing the temperature
- of the fuel passing from the fuel storage reservoir 6 into
the lower portion of the tank 17.

FLASH SEPARATOR

The flash separator 19 basically includes a tank 55 in
which fuel 18 is maintained in the lower portion thereof
at a constant level. There is head space 56 above the
fuel 18 and positioned within the head space 56 is a
spray head 57 which is connected to a supply pipe 58
for the flash separator 19. Flow through the supply pipe
58 is controlled by a valve 60 which is controlled by the
float 20 so as to maintain the desired fuel level within
the tank 17.

A vapor return line 61 is connected to the upper por-
tion of the tank 55 while a fuel return line 62 leading
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to the fuel storage reservoir 6, is connected to the lower
portion of the tank 55. The level of fuel 18 within the
tank 55 is maintained by a float 63 controlling the posi-
tion of a valve 64 incorporated in the return line 62.

Although substantially all of the air within the ab-
sorber 15 is vented to the atmosphere through bleed off
line 48, the fuel passing out through the return line 25
still contains more absorbed air than desired. When the
fuel is sprayed into the flash separator 19, this addi-
tional absorbed air is released. This air together with
fuel vapor passes through the vapor return line 61 into
the vapor line 12 with flow therethrough being con-
trolled by a pressure controlled valve 65. The substan-
tially air free fuel 18 passes into the fuel storage reser-
voir through the return line 62.

VAPOR FLOW SYSTEM

Incoming vapor discharges from the compressor 13
into a vapor line 66 and passes through a check valve
67 into a finned tube aftercooler 68 which is of the air
cooled type and which provides for a material lowering
of the temperature of the compressed vapor.

The finned tube aftercooler 68 is connected to a lig-
uid aftercooler 70 which includes a heat exchange coil
71 disposed within a casing 72. Returning fuel passing
from the heat exchanger 50 to the flash separator 19
passes through a fuel line 69 into the upper end of the
coil 71 and discharges into the return line 58.

The compressed vapor circulates about the coil 71
and is cooled by contact therewith. The cooled vapors
pass out of the casing 72 into the vapor line 22 through
which it passes into the absorber 15.

It is to be understood that the temperature of the
compressed vapor passing from the compressor 13 in
many instances will be high enough to vaporize the fuel
in the heat exchange coil 71 if the compressed vapors
were directly fed to the liquid heat exchanger 70. How-
ever, by connecting the heat exchanger 70 in series
with the finned tube heat exchanger 68, the com-
pressed vapors are initially sufficiently cooled to pre-
vent vaporization of the fuel passing through the coil
71. In addition to being able to maintain the fuel 18 as
a liquid as it passes through the heat exchanger 70, the
use of the finned tube aftercooler also makes optimum
use of the temperature gradients in the two aftercool-
ers, thereby providing for greater over-all efficiency.

The vapor recovery system § also includes a vapor
by-pass line 73 connecting together the vapor lines 12 .
and 22. The by-pass line 73 is controlled by a pressure
control valve 74.

It has been found that the efficiency of the absorber
15 is greatly increased when the fuel is recirculated and
discharged within the head space 29 through the spray
head 30. By refrigerating the recirculating fuel, the ab-
sorber 15 is operated at a lower temperature with the
result that it may also operate at a lower pressure with
the same efficiency of performance. It has been found
that the absorber operation is efficient when the tem-
perature of the fuel 18 within the tank 17 is on the
order of 10°F. to —40°F. A typical installation would
have the temperature of the fuel 18 at O°F.

The temperature of the fuel 18 within the absorber
tank 17 is O°F., the refrigerated fuel returning into the
upper portion of the tank 17 will have a temperature of
—10°F. and the pressure within the tank will be on the
order of 50 psig. :
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Under normal operating conditions, the temperature
of fuel in the fuel storage reservoir 6 will be 70°F. and
the temperature thereof will be reduced in the heat ex-
changer 50 to approximately 10°F. On the other hand,
the temperature of the fuel 18 flowing through the heat
exchanger 50 will be increased to 45°F. After the fuel
passes through the aftercooled 70, it will have a tem-
perature of 80°F., at which temperature it will be dis-
charged into the flash separator 19 with the pressure
within the flash separator 19 being on the order of 10
psig. i

The incoming vapor passing from the compressor 13
into the aftercooler 68 will have a temperature of
320°F. while the compressed vapor passing from the
aftercooler 68 into the aftercooler 70 will have a tem-
perature of 170°F. The incoming vapor flowing into the
absorber tank 17 will have a temperature of 80°F.

It is to be noted that the pressure within the absorber
tank 17 eliminates the need for a pump to pump the re-
turning fuel to the flash separator 19. Also, the pressure
within the flash separator provides sufficient push to
the liquid to effect the flow thereof to the fuel storage
reservoir 6.

Reference is now made to FIG. 3 wherein a slightly
modified form of vapor recovery system is illustrated,
the modified vapor recovery system being generally
identified by the numeral 75. The system 75 differs
from the system § primarily in that in lieu of the fuel
supply line 26 directing fuel from the fuel storage reser-
voir 6 into the lower portion of the absorber tank 17,
the recirculating fuel from the fuel storage reservoir is
directed into the fuel circulation line 27 in advance of
the pump 31. This permits the fuel being recirculated
from the fuel storage reservoir to be refrigerated before
it is directed into the absorber 15, _

It is also to be noted that the system 75 has certain
other omissions as compared with respect to the system
5. While such omissions, and in some instances modifi-
cations, are feasible and permissible, it is to be under-
stood that the system 75 may be identical to the system
5 with the exception of the flow from the fuel storage
reservoir into the absorber 15.

Reference is now made to the modified compressor
arrangement of FIG. 2. While the compressor 13 has
only been schematically illustrated, it is to be under-
stood that the compressor may be constructed to have
a multiple stage so that it need not run at full capacity
at all times. The compressor 13 may be formed as two
compressors 76, 77 disposed in parallel and connected
to a common vapor supply line 78, which could be the
vapor supply line 12.

The compressors 76 and 77 are commonly connected
to the vapor line 66 for directing compressed vapor
into -the aftercooler 68 and also the after cooler 70,
when the system is provided with both aftercoolers.

It is to be understood that the compressors 76 and 77
may be run either independently of one another or in
unison with one antoher. It is also to be understood that
each of the compressors 76,77 may be a multiple speed
compressor.

If desired, the vapor supply line may have coupled
therein a saturator 80 in advance of the by-pass line 73
and the compressor 13. The saturator may be of any
construction, but normally would have directed into

“the upper portion thereof a fuel supply line 81 for di-
recting fuel from the fuel storage reservoir 6 to a spray
head 82 mounted in the upper portion thereof. There
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6

would also be connected to the lower portion of the sat-
urator a fuel return line 83 which could deliver the fuel
from the saturator either to the absorber 15, the spray
head 57 of the flash separator 19 or directed to the fuel
storage reservoir 6.

It is to be understood that the proportions of the
components shown in the drawings have been exagger-
ated for clarity purposes and that the vapor receovery
systems are relatively compact, and if desired, could be
mounted for mobility on a trialer or truck.

Although only three preferred embodiments of the
invention have been specifically illustrated and de-
scribed herein, it is to be understood that minor varia-
tions may be made in the vapor recovery systems with-
out departing from the spirit and scope of the inven-
tion, as defined by the appended claims.

I claim:

1. A vapor recovery system including means for sup-
plying volatile liquid to a tank, an absorber, means for
delivering vapors from the tank to the absorber, a sup-
ply of said liquid in the absorber for absorbing said va-
pors therein, means for withdrawing liquid with ab-
sorbed vapors therein from said absorber, refrigeration
means for cooling the liquid in said absorber, and
means for delivering said supply of said liquid in said
absorber from an external source other than said tank.

2. The system of claim 1 wherein said refrigeration
means maintains the temperature of said liquid in said
absorber between 10°F. and —40°F.

3. The system of claim 1 wherein said refrigeration
means maintains the temperature of said liquid in said
absorber on the order of 0°F.

4. The system of claim 1 wherein said means con-
nected to said absorber for delivering said supply of liq-
uid to said absorber from an external source is of the
type for continuously delivering said supply of liquid.

5. The system of claim 1 wherein said refrigeration
means is effective to cool said liquid in said absorber to
a temperature below the temperature of liquid in said
external source, and heat exchange means for utilizing
said withdrawn liquid as a coolant for said supply of lig-
uid being delivered from said external source to said
absorber.

6. The system of claim 21 wherein said means for
supplying volatile liquid to said tank is connected to
said external source for receiving the volatile liquid
therefrom separate and apart from the means for deliv- .
ering liquid to said absorber.

7. The system of claim 1 in which said refrigeration
means includes means for cooling at least a portion of
said liquid withdrawn from said abosrber and means for
returning said cooled liquid to said absorber indepen-
dently of said external source.

8. The system of claim 7 in which said external
source of volatile liquid is a reservoir, said refrigeration
means includes a condenser, and means for supplying
volatile liquid from said reservoir to said condenser as
a coolant from said condensor and returning the same
to said reservoir.

9. The system of claim 1 in which said external
source of volatile liquid is a reservoir, said refrigeration
means includes a condenser, and means for supplying
volatile liquid from said reservoir to said condenser as
a coolant for said condenser.

10. The system of claim 9 wherein said volatile liquid
used as a coolant for said condenser is returned to said
TEeServoir. i



3,771,317

7

11. A vapor recovery system including means for
supplying volatile liquid to a tank, an absorber, means
for delivering vapors from the tank to the absorber, a
supply of said liquid in the absorber for absorbing said
vapors therein, means for withdrawing liquid with ab-
sorbed vapors therein from said absorber, and means
for separating air and vapors carried thereby from said
withdrawn liquid.

12. A system according to claim 11 together with
heat exchanger means for utilizing said withdrawn lig-
uid as a coolant for vapors prior to being delivered to
said absorber.

13. A system according to claim 11 together with
means for returning the separated air and vapors car-
ried thereby to said absorber.

14. A system according to claim 13 together with
means for deliverying said liquid from which air has
been removed to a reservoir.

15. A vapor recovery system including means for
supplying volatile liquid to a tank, an absorber, means
for delivering vapors from the tank to the absorber, a
supply of said liquid in the absorber for absorbing said
vapors therein, refrigeration means for cooling the liq-
uid in said absorber, means for withdrawing liquid with
absorbed vapors therein from said absorber, means for
delivering said supply of liquid to said absorber from an
external source other than said tank, and heat ex-
changer means for utilizing said withdrawn liquid as a
coolant for said supply of liqud being delivered from
said external source to said absorber.

16. The system of claim 15 wherein said refrigeration
means maintains the temperature of said liquid in said
absorber between 10°F. and —40°F.

17. The system of claim 15 wherein said refrigeration
means maintains the temperature of said liquid in said
absorber on the order of 0°F.

18. The system of claim 15 together with means for
separating alr from said withdrawn liquid.

19. A system according to claim 15 together with ad-
ditional heat exchanger means for also utilizing said
withdrawn liquid as a coolant for vapors being deliv-
ered to said absorber.

20. A system according to claim 19 wherein said ad-
ditional heat exchanger means is downstream of said
first heat exchanger means in the direction of with-
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drawn liquid flow from said absorber.

21. A system according to claim 19 wherein there is
a third heat exchanger means for receiving vapors and
cooling the same in advance of said second heat ex-
changer means. .

22. A vapor recovery system including means for
supplying volatile liquid to a tank, an absorber, conduit
means for receiving volatile liquid vapor from a tank
being supplied with volatile liquid, multi-capacity com-
pressor means connected between said conduit means
and said absorber for receiving vapor from said conduit
means and delivering vapor to the absorber, said com-
pressor means being of the type wherein a predeter-
mined capacity may be selected in accordance with the
requirements of the system, and further conduit means
for removing collected vapors from said absorber.

23. A system according to claim 22 wherein there is
a pressure controlled by-pass associated with said com-
pressor.

24. A system according to claim 22 wherein said mul-
ti-capacity compressor is a multiple speed compressor.

25. A system according to claim 46 wherein said mul-
ti-capacity compressor includes two separate selec-
tively operable compressors arranged in parallel.

26. A vapor recovery system including means for

- supplying volatile liquid to a tank, an absorber, means

for delivering vapors from the tank to the absorber, a
supply of said liquid in the absorber for absorbing said
vapors therein, means for withdrawing liquid with ab-
sorbed vapors therein from said absorber, and refriger-
ation means for cooling the liquid in said absorber, said
refrigeration means including means external of said
absorber for cooling at least a portion of said liquid
withdrawn from said absorber and returning the cooled
liquid to said absorber independently of said tank.

27. The system of claim 26 in which there are means
for returning another portion of said withdrawn liquid
to said absorber independently of said refrigeration
means.

28. The system of claim 27 wherein there are means
for controlling the volume of said another liquid por-
tion returned to said absorber independent of said re-

frigeration means.
* * * * *
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